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Removal behavior of indigo carmine by Schoenoplectus acutus
and Ni nanoscale oxides/Schoenoplectus acutus composite was
determined. The characterization of both materials was done by
TEM, SEM/EDS, DRX, and BET. Experimental data were best
ﬁtted to pseudo second order and Langmuir-Freundlich models
for kinetics and isotherm, respectively; these results indicate a
chemisorption mechanism on heterogeneous materials. Adsorp-
tion capacity of Ni nanoscale oxides/Schoenoplectus acutus com-
posite was high in comparison with other adsorbents (760 mg/g).
Adsorption of dye is not affected by pH (3 to 9). Metal nanopar-
ticles supported on cheap and eco-friendly adsorbents are an
alternative for the removal of dyes from wastewater.
Keywords indigo carmine; Ni nanoscale oxides; Shoenoplectus
acutus; ﬁxed bed columns
INTRODUCTION
Dyes are pollutants which are generally present in aqueous
efﬂuents of the textile, leather, food processing, dyeing, cos-
metics, paper, and dye manufacturing industries. They are syn-
thetic aromatic compounds with various functional groups. The
worldwide high level of production and extensive use of dyes
generate wastewaters which causes environmental pollution (1).
Wastewaters containing dyes are very difﬁcult to treat
because they are recalcitrant molecules (particularly azo
dyes), resistant to aerobic digestion, biologically non-degrad-
able, and stable to oxidizing agents. Common methods for
removing dyestuffs are economically unfavorable and/or tech-
nically complicated. Many methods for treating dyes in waste-
water have not been applied at a large scale (2) because of their
high costs associated with their practical applications to
remove trace amounts of impurities.
Among several chemical and physical methods, adsorption
process is one of the effective techniques that has been suc-
cessfully employed for the removal of low concentrations of
dyes from aqueous media. Activated carbon is regarded as an
effective but expensive adsorbent due to its high costs of
manufacturing and regeneration. Some adsorbent materials
including peat (3), chitin (4), silica (5), perlite (6), and some
agricultural wastes have been tested to reduce dye concentra-
tions from aqueous solutions (7). The adsorption capacities of
the above-mentioned adsorbents are not very high. In order to
improve the efﬁciencies of the adsorption processes, it is
necessary to develop cheaper and easily available adsorbents
with high adsorption capacities (8).
Metallic nanoparticles are beginning to receive more atten-
tion because of their relatively high chemical activity and
speciﬁcity of interaction. Control of nanoparticle size, shape,
and dispersity is the key to selective and enhanced activity (9).
Iron-based bimetallic nanoparticles such as Fe-Pd, Fe-Pt,
Fe-Ag, and Fe-Ni have been synthesized to improve the per-
formance of the zero valent iron technology for remediation of
groundwater contaminants like chlorinated aliphatic, chlori-
nated aromatics, and chlorinated pesticides. The advantages
of bimetallic nanoparticles include high surface area and den-
sity of reactive surface sites; catalytic effects, which are effec-
tive in hydrodehalogenation reactions (10). Previously, it was
observed that the combination of porous materials and metal
nanoparticles is one of the interesting areas of interdisciplinary
research in water treatments (11-13).
Nickel oxide is an interesting p-type transition element
semiconductor that possesses unique catalytic, electric, and
magnetic properties that extend its application in many indus-
trial ﬁelds (14). Recently, a removal based on nickel oxides has
been reported by several groups for the effective removal of
dyes. The degradation of azo dye Orange G in aqueous solu-
tion onto iron-nickel bimetallic nanoparticles has been reported
(15), the results show that the presence of catalytic Ni
improved the removal by producing more reducing species
on the bimetallic surface. These nanoparticles showed a
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signiﬁcantly long life span with sustained reactivity, making
them potential candidates for dye degradation technologies.
Chen et al. (16) reported the effective adsorption of Congo
red dye on Co0.3Ni0.7Fe2O4 nanoparticles and found a domi-
nant mechanism of chemisorption on the monolayer maximum
adsorption capacity (131.75 mg/g), which is high in compar-
ison with many other adsorbents. Ahmed (15) studied the
photodegradation of methylene blue using NiO/TiO2 nanocom-
posites and found that the presence of nickel oxide plays a vital
role in controlling the physicochemical and optical properties
of the samples support the photodegradation of dye.
Trujillo-Reyes et al. (11) reported use of Fe–Ni nanostruc-
tures and C/Fe–Ni composites as adsorbents for the removal of
indigo carmine dye from aqueous solution and found that
Fe–Ni nanostructures adsorption capacity was 977.18 mg/g,
followed by C/Fe–Ni 75/25% composite with 654.33 mg/g,
and a lowest value, 486.41 mg/g, was obtained for C/Fe–Ni
95/5% composite and the sorption mechanism reported was
chemisorption on heterogeneous materials.
The indigo carmine is considered a highly toxic indigoid
dye and it can cause skin and eye irritations to human beings. It
can also cause permanent injury to cornea and conjunctiva. The
consumption of the dye can also prove fatal as it is carcino-
genic in nature and can lead to reproductive, developmental,
neuro and acute toxicity (17).
The aim of this paper was to evaluate the sorption and/or
catalytic properties of the Schoenoplectus acutus and Ni nanos-
cale oxides/Schoenoplectus acutus composite to remove indigo
carmine from aqueous solution, considering parameters such as
contact time, concentration, pH, and column experiments
because they provide information about various design para-
meters necessary at ﬁeld scale (18).
EXPERIMENTAL METHODS
Adsorbent and Chemicals
Indigo Carmine Dye
Indigo carmine (5, 5-indigosulfonic acid, acid blue 74) was
obtained from Sigma-Aldrich®. It has two sulphonate groups,
a molar mass of 466.35 g/mol, color index number 73,015, and
a maximum light absorption at λmax = 617 nm.
Preparation of the Adsorbent
Schoenoplectus acutus of brown color was dried, cut in little
pieces, washed with distilled water to remove the dust, and
ﬁnally dried in an oven for 3 days at 60°C, then milled and
sieved to a particle size of 40 mesh.
Preparation of Ni Nanoscale Oxides/Schoenoplectus acutus
Composite
The preparation of the composite was in situ, a 1 × 10−2 M
nickel sulfate solution was left in contact with the adsorbent
(Schoenoplectus acutus), this mixture was shacked at 300 rpm
for 10 minutes, then pH was adjusted to 7.0 by adding a NaOH
solution. Finally 100 mL of a NaBH4 solution was added to
reduce the Ni, generating a black solid that was ﬁltered,
washed with distilled water to remove soluble salts, and then
with acetone to remove the water.
Characterization
TEM Observations
Dried Ni nanoscale oxides/Schoenoplectus acutus compo-
site was suspended in 2-propanol using an ultrasonic instru-
ment. TEM samples were prepared by placing a drop of the
alcoholic suspension on carbon-coated copper grids. TEM
observations were performed on a transmission electron micro-
scope JEOL-2010, operated at an accelerating voltage of 200
kV equipped with a LaB6 ﬁlament.
X-Ray Diffraction
X-ray powder diffraction (XRD) patterns were collected
on Bruker X-ray diffractometer model D-8 Advance,
equipped with Linxeye detector and source of Cu Kα radia-
tion (λ = 0.1544 nm).
SEM/EDS Observations
SEM observations were performed by using a JEOL 5900 at
20KV. Microanalyses were done with an EDS (Energy X-Ray
Dispersive Spectroscopy) system.
Brunauer-Emmett-Teller Analysis
Brunauer-Emmett-Teller (BET) surface areas were deter-
mined by standard multipoint techniques of nitrogen adsorp-
tion, using a BELSORP-max instrument. Samples were heated
at 200°C for 1 h before speciﬁc surface areas were measured.
Sorption Experiments
Batch adsorption experiments were performed in duplicate
using a rotating system set at 25 rpm, 10 mL of an indigo
carmine solution was added to 10 mg of each adsorbent mate-
rial (Schoenoplectus acutus or Ni nanoscale oxides/Schoeno-
plectus acutus composite), pH was measured before and after
the experiments which were performed at room temperature.
For kinetics studies, each mixture was in contact during 1, 5,
15, 30, 60, 120, 180, 300, 420, and 600 min with a 100 mg/L
indigo carmine solution; isotherms were carried out using 50,
100, 300, 400, 500, 700, 900, and 1,000 mg/L of dye solutions
stirring for 180 minutes using Ni nanoscale oxides/Schoeno-
plectus acutus composite. Also, indigo carmine solutions at
different pH values (1, 3, 5, 7, 9, 11, and 13) were tested.
Each mixture was vacuum ﬁltrated, and dye concentrations
were determined in the liquid phases at λ = 617 nm using a
PerkinElmer Lambda 25 UV/Vis spectrophotometer. All
experiments were done in duplicate.
The amount of indigo carmine dye onto the corresponding
material, qe (mg/g) was calculated by a mass balance
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relationship: qe = (C0–Ce) V/W; where Co (mg/L) and Ce
(mg/L) are the initial and the equilibrium liquid-phase concen-
tration of the dye, respectively, V (L) the volume of the solu-
tion, and W (g) the weight of the corresponding material.
Fixed Bed Experiments
The ﬁxed-bed column experiments were conducted with a
bed height of 2.5 cm in a glass column of 1.0 cm internal
diameter. The weight of adsorbent was 0.318 g of Ni nanoscale
oxides/Schoenoplectus acutus composite, the bed volume was
1.96 cm3. Glass wool was put in the bottom of the column to
support the adsorbent.
The column was fed with a solution of 100 mg/L of indigo
carmine at a constant volumetric ﬂow rate of 1 mL/min and pH
6.0 in down-ﬂow mode. This volumetric ﬂow rate was calcu-
lated according to Tchobanoglous et al. (19). Liquid samples
were withdrawn at different intervals of time until the efﬂuent
concentration was equal to the inﬂuent concentration.
RESULTS AND DISCUSSION
Materials
Ni nanoscale oxides/Schoenoplectus acutus composite was
obtained efﬁciently by the method of chemical reduction and it
was characterized by using TEM, XRD; this composite and the
biosorbent were characterized by SEM/EDS and BET.
Characterization
Transmission Electron Microscopy
TEM images of Ni nanoscale oxides are shown in Fig. 1. It
can be observed that the metallic oxides have average sizes of
15 nm, and they do not present a deﬁned structure but aggre-
gates of nanoparticles are observed. Figure 1a shows a 100 nm
scale and Fig. 1b shows 50 nm; thus a more deﬁned structure
and size of the Ni oxides can be observed.
X-Ray Diffraction
The X-ray diffraction patterns of Schoenoplectus acutus and
Ni nanoscale oxides/Schoenoplectus acutus composite have
very low crystallinity; the diffractograms do not show well
deﬁned diffractions peaks. The diffraction peaks observed for
the composite corresponded to nickel, bunsenite, nickel hydro-
xide hydrate, and nullaginite according to JCPDS cards num-
bers 451027, 471049, 220444, and 350501, respectively.
Scanning Electron Microscopy
Figure 2a shows the SEM image of Schoenoplectus acutus
material. It can be appreciated that this material has a block
well deﬁned structure. Additionally, after being in contact with
indigo carmine solution, the surface was similar as shown in
Fig. 2b.
Figure 2c shows the Ni nanoscale oxides/Schoenoplectus
acutus composite, it is observed that the composite has also a
block structure with brilliant small spots which could be the Ni
nanoparticles onto the surface of the biosorbent. Figure 2d
shows the SEM image of the composite after being in contact
with the indigo carmine dye, which does not show any change
in the morphology of the material.
Table 1 shows EDS analysis of the Schoenoplectus acutus
and the Ni nanoscale oxides/Schoenoplectus acutus composite
before and after they were in contact with indigo carmine.
EDS analysis indicates a simple composition for both mate-
rials. Schoenoplectus acutus contains carbon and oxygen; after
the material was in contact with the dye, calcium appeared in
the sample in less than one percent and this might be from the
aqueous solutions. Ni nanoscale oxides/Schoenoplectus acutus
contains carbon, oxygen, and nickel; after indigo carmine was
in contact with the material, sulfur appeared in less than one
percent. It is important to note that the dye molecule has
sulfonic groups and its presence may indicate that the dye
adsorption on the composite occurred.
BET Analysis
The dye adsorption capacities depend on the characteristics
of each individual adsorbent, the extent of surface modiﬁcation
and the initial concentration of adsorbate, among others (20).
The BET surface areas for Schoenoplectus acutus and Ni
nanoscale oxides/Schoenoplectus acutus composite were
0.140 and 13.62 m2/g, respectively. Then sorption capacity
increased when Ni nanoparticles were supported on the
biosorbent.
Adsorption Kinetic Behavior
The kinetic parameters are calculated by ﬁtting the experi-
mental results to mathematical models reported in the litera-
ture; the most utilized models are the pseudo ﬁrst order or
Lagrergren, the second order or Elovich, and the pseudo sec-
ond order or Ho and McKay (3) which are described below.
A B
FIG. 1. Transmition electron microscopy (TEM) images of Ni nanoscale
oxides (A and B show 100 and 50 nm scale respectively).
1604 S. SÁNCHEZ-RODRÍGUEZ ET AL.
D
ow
nl
oa
de
d 
by
 [D
r. 
M
. S
ola
ch
e-R
íos
] a
t 0
9:3
3 2
9 J
un
e 2
01
5 
The experimental results were adjusted to these models with
the help of STATISTICA 6.0 software.
In the pseudo ﬁrst order model (Lagrergren), the sorption
velocity is proportional to the concentration of the adsorbate.
It is used for adsorbent materials with a homogeneous surface
and physical sorption (21). The adsorption velocity can be
expressed as: qt = qe (1-e^(-KLt)); where qe (mg/g) and qt
(mg/g) are the dye amount adsorbed in the equilibrium and in
time t, respectively, and KL is the Lagregren constant (h
−1).
Figure 3 shows the kinetic sorption behavior of indigo car-
mine dye from aqueous solution using Schoenoplectus acutus
and Ni nanoscale oxides/Schoenoplectus acutus composite,
A B 
C D 
FIG. 2. Scanning electron microscopy (SEM) images of (A) Schoenoplectus acutus before indigo carmine contact, (B) after indigo carmine contact, (C) Ni
nanoscale oxides/Schoenoplectus acutus composite before IC contact and (D) after indigo carmine contact.
TABLE 1
Elemental analysis of Ni nanoscale oxides/Schoenoplectus acutus composite and Schoenoplectus acutus. before and after being in
contact with indigo carmine.
Before sorption After sorption
Element
Weight percent
Schoenoplectus acutus
Weight percent Ni/
Schoenoplectus acutus
Weight percent
Schoenoplectus acutus
Weight percent Ni/
Schoenoplectus acutus
C 59.20 ± 0.69 52.38 ± 5.28 62.15 ± 0.12 42.11 ± 4.54
O 40.79 ± 0.69 28.88 ± 8.03 36.96 ± 0.28 16.83 ± 5.35
Ni —– 18.73 ± 3.52 —– 40.65 ± 8.26
Ca —– —– 0.88 ± 0.11 —–
S —– —– —– 0.41 ± 0.13
FIG. 3. Sorption kinetics of indigo carmine by Schoenoplectus acutus and Ni
nanoscale oxides/Schoenoplectus acutus composite.
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the equilibrium was reached in less than 1 hour for Schoeno-
plectus acutus and less than 5 hours for Ni nanoscale oxides/
Schoenoplectus acutus composite, the results could be ﬁtted
to this model, the indigo carmine amount adsorbed at the
equilibrium was almost 8 times higher for the composite
(97.7 mg/g) than for Schoenoplectus acutus (12.4 mg/g).
The Lagergren constant was higher for Schoenoplectus acutus
(1789 h−1) than for Ni nanoscale oxides/Schoenoplectus acu-
tus composite (74.2 h−1) with r2 values higher than 0.99 for
both cases.
The second order model (Elovich) indicates chemisorp-
tion processes and that the adsorbent is heterogeneous and
hence exhibit different energies of activation (22). The Elo-
vich model includes diffusion in the solution and in the
surface, activation, and deactivation of the catalytic surfaces
and it is represented as: qt = 1/b ln(ab) + 1/b ln t; where qt is
the amount of indigo carmine adsorbed in a time t, “a” is the
sorption constant (mg/g), and “b” is the desorption constant
(mg/g). The “a” values determined for Schoenoplectus acu-
tus (22188 mg/g) and Ni nanoscale oxides/Schoenoplectus
acutus composite (18683 mg/g) were much higher than the
values determined for “b” for Schoenoplectus acutus (1.8
mg/g) and Ni nanoscale oxides/Schoenoplectus acutus com-
posite (0.2 mg/g), this behavior indicates a high afﬁnity of
the adsorbents for the adsorbate and probably the adsorption
mechanism is chemisorption; r2 values were 0.929 and 0.981
for Schoenoplectus acutus and Ni nanoscale oxides/Schoe-
noplectus acutus composite, respectively.
The pseudo second order model was developed by Ho and
McKay (3). A lot of research has reported a good ﬁt of the
experimental data to this model and it indicates that a chemical
adsorption mechanism can take place, it is represented as: qt =
(Kqe
2t)/(1+Kqet); where qe (mg/g) and qt (mg/g) are the dye
amount adsorbed in the equilibrium and in time t respectively,
K (g/mg h) is the adsorption kinetic constant. The indigo
carmine amount adsorbed at the equilibrium was higher for
the composite (97.9 mg/g) than for Schoenoplectus acutus
(12.4 mg/g), but the K constant was higher for Schoenoplectus
acutus (34946 g/mg h) than for Ni nanoscale oxides/Schoeno-
plectus acutus composite (1.1 g/mg h) with r2 values over 0.99
for both materials.
Although, the experimental data could be ﬁtted to these
three models with good correlation values, this last model is
probably the most appropriate one to be applied to this sorption
system because according to the characterization of the adsor-
bents they are heterogeneous materials, and in previous works
using Fe-Cu and Fe-Ni nanoscale oxides and some dyes (11-
13), it was observed that this last model was best ﬁtted to the
results; therefore, a chemisorption mechanism probably occurs
on heterogeneous materials. Since the adsorption capacity for
Ni nanoscale oxides/Schoenoplectus acutus composite was
almost 8 times higher than the sorption capacity for Schoeno-
plectus acutus, and the isotherm and the column studies were
performed only with the composite.
Isotherm Models
Irving Langmuir developed a simple isotherm model that
can be applied to the solid-liquid and solid-gas interfaces (23).
The solid surface contains a determined number of adsorption
sites. At equilibrium, the adsorption and desorption velocities
are the same. Adsorbate molecules form a monolayer in the
surface of the adsorbent. Then all adsorption sites are equiva-
lent and the surface is uniform. The equation is generally used
for chemisorption and can be expressed as: qe = (q0bCe)/(1
+bCe); where q0 (mg/g) is the maximum adsorption capacity, b
is a constant related to the energy or net enthalpy of adsorption,
and Ce is the indigo carmine concentration in the solution at
equilibrium (mg/L). The results of the isotherm for Ni nanos-
cale oxides/Schoenoplectus acutus composite could be ﬁtted to
this model and the parameters obtained were q0 = 860.2 mg/g,
b = 0.0057, and r2 = 0.948. Although the results could be ﬁtted
and q0 value calculated, this is not the best model to be used
with this adsorbent, because the Langmuir model is for homo-
geneous adsorbents and the material most probably is a hetero-
geneous adsorbent according to its characterization.
The Freundlich isotherm model is an exponential equation;
it assumes that when the adsorbate concentration in the solu-
tion increases, the adsorbate concentration in the adsorbent
surface also increases (24-25). It is used in materials with
heterogeneous surfaces where the different sorption energies
are because of the variations in the heat of adsorption (21, 23)
involving physical sorption. The Freundlich isotherm model is
represented as: qe = KFCe
1/n; where qe (mg/g) is the amount of
dye adsorbed, KF is the equilibrium Freundlich constant, Ce is
the concentration of the dyestuff in the solution at equilibrium
(mg/L), n is the adsorption constant at equilibrium whose
reciprocal (1/n) is a measure of the heterogeneity of the adsorp-
tion surface, also indicates the adsorption intensity, if 1/n < 1
the adsorption is favorable and if 1/n > 1 the adsorption is
unfavorable. Figure 4 shows the experimental data ﬁtted to this
0 20 40 60 80 100 120 140 160 180 200 220 240
Ce (mg/L)
0
200
400
600
800
1000
qe
 (
m
g/
g)
Ni/ S acutus experimental data
__ __
.........
_____
Langmuir Model
Langmuir-Freundlich Model 
Freundlich Model
FIG. 4. Isotherm models applied to the sorption of indigo carmine by Ni
nanoscale oxides/Schoenoplectus acutus composite.
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model, the parameters obtained for Ni nanoscale oxides/Schoe-
noplectus acutus composite were KF = 26.043 g mg
1/n‒1 and n
= 1.53 with r2 = 0.934. Values of 1/n less than unity imply a
heterogeneous surface structure with minimum interaction
between adsorbed atoms (26); also, the value of 1/n (0.65)
indicates that the adsorption is favorable with this composite.
The Langmuir-Freundlich isotherm model is a combination
of Langmuir and Freundlich models which indicates that
involves an adsorption by combined mechanisms onto hetero-
geneous materials. This model is expressed as: qe = (KCe
1/n)/(1
+bCe
1/n); where, qe is the amount of dye adsorbed in mg/g, Ce
is the equilibrium concentration of dye in solution (mg/L), K, b
and 1/n are empirical constants. The parameters obtained for Ni
nanoscale oxides/Schoenoplectus acutus composite were K =
9.08 g mg1/n-1 and n = 0.965 with r2 = 0.971; this model gave
the highest r2 value and it indicates that the sorption takes place
by combined mechanisms on heterogeneous materials. The
adjustment of the experimental data is presented in Fig. 4.
Effect of pH
pH is an important parameter due to the ionization of sur-
face functional groups and the composition of solutions. The
adsorption of indigo carmine by Ni nanoscale oxides/Schoeno-
plectus acutus composite at different pH values showed that
the adsorption capacities are not affected by pH in the range
from 3 to 9 and then decrease sharply (Fig. 5).
Since the dye has sulfuric groups in the chemical structure,
which is negatively charged, possibly the acidic solution favors
adsorption of dye onto catalyst surface, which acquires positive
charge in acidic solution (27). According to the pK values
reported for this dye which are higher than 11 and Fig. 5, it
is possible that the neutral species of the dye are preferable
adsorbed by the Ni nanoscale oxides/Schoenoplectus acutus
composite.
Fixed Bed Experiments
The breakthrough curve was obtained by plotting Ce/Co
(efﬂuent concentration/inﬂuent concentration) vs. time. The
breakthrough time (tb) chosen was the time where dye
concentration in the efﬂuent was 10 mg/L, the bed saturation
time (tsat) was chosen to be the time where dye concentration in
the efﬂuent reached 90% of the initial dye concentration. The
maximum column capacity, qtotal (mg), for a given feed con-
centration and ﬂow rate (28) is equal to the area under the plot
of the adsorbed indigo carmine concentration, Cad (Cad = Ce‒
Co) (mg/L) vs. efﬂuent time (t, min) and it is calculated from
Eq. (1):
qtotal ¼ QA1000 ¼
Q
1000
ðt¼ttotal
t¼0
Caddt (1)
where ttotal, Q and A are the total ﬂow time (min), volumetric
ﬂow rate (mL/min) and the area under the breakthrough curve,
respectively. The equilibrium uptake (qeq(exp)) is calculated as
follows:
qeqðexpÞ ¼
qtotal
m
(2)
where m is the total dry weight of Ni nanoscale oxides/Schoe-
noplectus acutus composite in column (g). The total amount of
indigo carmine sent to the column (Wtotal) is calculated from
the following equation:
Wtotal ¼ C0Qttotal1000 (3)
Total removal percent of indigo carmine is the ratio of the
maximum capacity of the column (qtotal) to the total amount
of indigo carmine sent to column (Wtotal).
Y ¼ qtotal
Wtotal
 
 100 (4)
The parameters such as qtotal, qeq, Wtotal, and Y (%) were
evaluated for the removal of indigo carmine using Ni nanoscale
oxides/Schoenoplectus acutus composite in the ﬁxed-bed
adsorption column. The qtotal = 48.42 mg, Wtotal = 93.8 mg,
and Y = 51.6%. The amount adsorbed of indigo carmine per
unit mass of Ni nanoscale oxides/Schoenoplectus acutus com-
posite (qeq(exp) = 76.13 mg/g) estimated using the ﬁxed-bed
column is 11 times lower than that predicted by using Lang-
muir model (860.2 mg/g), these results are reasonable because
the adsorption equilibrium in ﬁxed bed systems is not reached
as it is in batch systems.
The total removal percent of indigo carmine was 51.62% for
Ni nanoscale oxides/Schoenoplectus acutus composite, Mittal
et al. (17) reported saturation percentages at the breakpoint for
indigo carmine–bottom ash and indigo carmine de-oiled soya
columns of 42.76% and 43.99%, respectively.
Three models were used to predict the dynamic behavior of
the column: Bohart-Adams, Thomas, and Yoon-Nelson mod-
els, the experimental results were adjusted to these models with
the help of STATISTICA 6.0 software. Figure 6 shows the
FIG. 5. pH effect on the adsorption of indigo carmine by Ni nanoscale
oxides/Schoenoplectus acutus composite.
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adjustments of the experimental results to these models and
Table 2 summarize the parameters calculated for the adsorption
of indigo carmine by Ni nanoscale oxides/Schoenoplectus acu-
tus composite.
The Bohart-Adams model is used for the description of
kinetic data until 50% adsorption was reached, the Thomas
and Yoon-Nelson models were also applied to the adsorption
kinetics data up to saturation.
The treated aqueous solution volume at breakthrough region
was 8 mL, the bed volumes at saturation were 325 BV and the
aqueous solution volume treated was 638 mL. Those results
indicate that after 8 min of service time, the breakthrough
occurs.
The breakthrough regions could be reached in longer times,
if the residence time is increased by using a larger bed length
or a lower feed ﬂow rate to allow the solute to reach the
adsorption sites. However, in the case of industrial application,
long residence time is not favorable due to economic con-
straints (29).
The Bohart-Adams model is used to describe the initial part
of a breakthrough curve. The expression is the following (30):
C
C0
¼ exp kABC0t  kABN0 ZF
 
(5)
where kAB is the kinetic constant (Lmg
−1 min−1), F is the linear
ﬂow rate (cm min−1), Z is the bed depth of column (cm), and
No is adsorption capacity (mg L
−1). The experimental data
were ﬁtted to this model, the r2 parameter (0.858) indicates
the correlation between the experimental points and predicted
values, suggesting that Bohart-Adams model may be valid for
the adsorption processes where Ce/Co region was up to 0.5 at
all operating conditions. Although the Bohart-Adams model
provides a simple and comprehensive approach to evaluate the
adsorption column process, its validity is limited to the range
of conditions used in the column (30).
The Thomas model assumes a constant separation factor but
it is applicable to either favorable or unfavorable isotherms
(31). Adsorption is usually not limited by chemical reaction
kinetics but it is often controlled by mass transfer. The expres-
sion of Thomas model for an adsorption column is given as
follows:
C
Co
¼ 1
1þ expðKThqom=Q KThCotÞ (6)
where KTh is the Thomas rate constant (L min
−1.mg−1), qo is
the adsorption capacity of adsorbent (mg g−1), Q is the volu-
metric ﬂow rate (L min−1), and m is the mass of the adsorbent
(g).
Han et al. (30) found that factors such as pH, existed salt,
ﬂow rate, inﬂuent concentration of dye, and bed depth could
inﬂuence the performance of breakthrough curves, so the var-
iation in the slope of the breakthrough curve may be explained
on the basis of mass transfer. Table 2 shows that the model
gave a good ﬁt of the experimental data with a correlation
coefﬁcient of 0.930.
Finally, the Yoon-Nelson model is based on the assumption
that the rate of decrease in the probability of adsorption for
each adsorbate molecule is proportional to the probability of
adsorbate adsorption and the probability of adsorbate break-
through on the adsorbent (31-32). The Yoon and Nelson equa-
tion regarding a single component system is expressed as (28):
C
Co
¼ expðKYNt  τKYNÞ
1þ expðKYNt  τKYNÞ (7)
where KYN is the rate constant (min
−1); τ, the time required for
50% adsorbate breakthrough (min). Due to the symmetrical
nature of the breakthrough curve, the amounts of dye adsorbed
0 200 400 600 800 1000
0.0
0.2
0.4
0.6
0.8
1.0
Experimental
Thomas model
Yoon-Nelson model
Bohart-Adams model
C
e/
C
o
Time (min)
FIG. 6. Breakthrough curves of indigo carmine dye by Ni/Schoenoplectus
acutus composite and adjustments to Thomas, Yoon-Nelson and Bohart-Adams
models.
TABLE 2
Bohart-Adams, Thomas and Yoon-Nelson parameters for Ni nanoscale oxides /Schoenoplectus acutus composite.
Yoon-Nelson model Bohart-Adams model
qo (mg/g) KTh × 10
−5 (L/mg min) r2 qo (mg/g) KYN (L/min) τ (min) r
2 No (mg/L) kAB × 10
−5 (L/mg min) r2
57.39 7.15 0.930 57.38 0.0071 182.52 0.930 19734.52 1.95 0.858
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by the adsorbents are one half of the total indigo carmine
entering the adsorption column within the 2τ period. Hence
the following equation can be written (31):
q0 ¼ 12
C0Qð2τÞ
m
¼ C0Qτ
m
(8)
This equation also permits the determination of the adsorption
capacity of the column (qo) as a function of initial dye con-
centration (Co), ﬂow rate (Q), mass quantity in the column (m),
and 50% breakthrough time (τ). The 50% breakthrough time
(τ) obtained was 182.52 minutes corresponding at experimental
values (168 min); however, the breakthrough curve does not
present a symmetrical nature at second region; therefore 2(τ)
value from the calculation were signiﬁcantly different com-
pared with experimental results, it can be concluded that the
experimental data could be ﬁtted to Yoon-Nelson model, espe-
cially the data from the ﬁrst region. According to Fig. 6, it is
observed that the adsorption capacities and r2 parameters cal-
culated by the Thomas and Yoon-Nelson models are similar.
Comparisons of Ni Nanoscale Oxides/Schoenoplectus
acutus Composite with Other Materials for the Adsorption
of Indigo Carmine
Table 3 shows the adsorption capacities for indigo carmine
using different adsorbents; it is difﬁcult to compare the results
of this work with those from the literature because the adsorp-
tion capacities were determined in different experimental con-
ditions, depending on the dye concentration, chemical
composition of adsorbent, etc. The adsorbent used in this
study shows a much higher adsorption capacity in comparison
with other adsorbent materials reported in the literature. As can
be observed in Table 3, nanocomposite hydrogels shows a
sorption capacity for indigo carmine of 370.37 mg/g and the
capacity found in this work for Ni nanoscale oxides/Schoeno-
plectus acutus composite was 860.2 mg/g, these results show
that this last material is a promising adsorbent for the removal
of dyes.
CONCLUSIONS
Removal of dye contaminants from wastewaters using metal
nanoparticles supported on a low-cost adsorbent was investi-
gated. Ni nanoscale oxides/Schoenoplectus acutus composite
was obtained efﬁciently by the chemical method of salts reduc-
tion. The adsorbent was characterized and Ni was found in the
composite. Ni nanoscale oxides/Schoenoplectus acutus compo-
site showed a surface area relatively low, this factor did not
affected the sorption of dye on the material. Pseudo second
order and Langmuir-Freundlich models provide the best corre-
lation of the experimental data for the Ni nanoscale oxides/
Schoenoplectus acutus composite, indicating chemisorption
processes onto a heterogeneous material. In addition, this
material provides high adsorption capacity according to the
Langmuir model and the removal of the dye is not affected
by the pH in the range between 3 and 9. The adsorption
capacity of Ni nanoscale oxides/Schoenoplectus acutus com-
posite (76.13 mg/g) estimated using a ﬁxed-bed column was 11
times lower than that predicted by using Langmuir model
(860.2 mg/g). Fixed bed experiments results could be ﬁtted to
Thomas, Yoon-Nelson, and Bohart-Adams models. It is impor-
tant to note that Ni nanoscale oxides/Schoenoplectus acutus
composite is a promising adsorbent for the removal of dyes
from wastewater because it showed a high capacity in compar-
ison with many other adsorbents.
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